The epidemiologic reservoir for nosocomial infections caused by Legionellaceae has been shown to be the water distribution system (2, 10, 13). These organisms have been shown to be part of the ecologic flora that normally populates water distribution systems (16) . Control of Legionella pneumophila in hospital water systems has been accomplished by elevating the temperature of the hot water supply to 70 to 80°C (2, 6) . Although this eradication method is being used with increasing frequency, the thermal stability of L. pneumophila and related species remains unknown.
The objective of this study was to determine the susceptibility of the family Legionellaceae to thermal stress. We also assessed in greater detail the heat resistance of L. pneumophila serogroup 1, the most common pathogen in the Legionellaceae family, under conditions which mimic those of hospital water systems.
Seventy-five isolates representing the family Legionellaceae were tested for their ability to withstand thermal stress. Eighteen CFU/ml). BYEB (10 ml) was then inoculated with 0.2 ml of a bacterial suspension and incubated at 37°C for 72 h in a shaker incubator. The stationary-phase cells were harvested by centrifugation at 600 x g for 20 min. The supernatant was removed, and the pellet was resuspended in 100 ml of fresh broth. Five milliliters of the broth culture was transferred into sterile tubes. Tubes were placed in covered water baths at 60, 70, and 80°C for specified periods. Tubes were removed from the 60°C water bath at 0, 5, 7, 10, and 20 min; from the 70°C water bath at 0, 1, 1.5, 3, and 10 min; and from the 80°C water bath at 0, 1, 1.5, 2, 2.5, and 3 min. After heating, each tube was rapidly transferred to an ice water bath (approximately 5°C) for a 2-min quench period. Serial dilutions were made in sterile distilled water and surface plated on buffered charcoal yeast extract plates with the spiral plating instrument (Spiral Systems Instruments, Inc., Bethesda, Md.). All plates were allowed to dry before incubation at 37°C in a humidified atmosphere for 3 to 5 days. Heat resistance was determined by plotting the number of survivors versus time of exposure at a particular temperature. This plot is referred to as the thermal death time curve (11). When plotted on a semilogarithmic scale, the thermal death time curve for all Legionellaceae was a straight line which indicated progressive death of the population. This straight survivor curve can be described by the D value or decimal reduction time. This is the time required to destroy 90% of the organisms and is numerically equal to the time (in minutes) required to reduce the number of viable organisms by a factor of 10 (1, 7). For example, a D value of 10 min at 60°C (D60°C = 10 min) indicates that an exposure time of 10 min is required to reduce the concentration of an organism suspension by 1 log.
A spiral plating instrument (Spiral Systems) was used to calculate the concentration of bacteria in a given sample. The accuracy of this method has been previously described (8, 9). In addition, we performed parallel experiments using Comparison of the heat resistance of L. pneumophila in broth, tap water, and concentrated hot-water tank water. The thermal death times for two environmental isolates of L. pneumophila serogroup 1 were determined in broth, sterile tap water, and concentrated hot-water tank water (sediment). A 500-ml water sample collected from the bottom of a hot-water storage tank was concentrated by centrifugation at 2,800 x g for 30 min. The supernatant was removed, and the concentrate (sediment) was resuspended in 1/10 of the original volume of supernatant and autoclaved. Viability of L. pneumophila within these suspensions was determined by the spread plate method; 0.1 ml of the appropriate sample dilution was spread over the surface of a buffered charcoal yeast extract plate using a sterile bent-glass rod. The organism for inoculation of sediment suspensions was prepared as previously described except that after centrifugation the stationary-phase cells were suspended in 10 ml of sterile water. One-half-milliliter samples of this suspension were added to several tubes which contained 4.5 ml of the sterile sediment suspension. Thermal death times were determined at 60, 70, and 80°C.
Statistical analysis. The D60°C values of all L. pneumophila serogroup 1 isolates and all T. micdadei isolates were compared. Comparisons were made to determine whether a significant difference in D60°C could be attributed to the origin of the isolates, i.e., clinical versus environmental, and whether the D60°C of T. micdadei differed significantly from that of L. pneumophila. Data were analyzed by the t test for unpaired data (Prophet System, Division of Research Resources, National Institutes of Health, Bethesda, Md.). aureus and P. aeruginosa at 60, 70, and 80°C were 4.4, 1.3, and 0.5 and 2.6, 1.3, and 0.7 min, respectively. The thermal stabilities of two environmental strains of L. pneumophila serogroup 1 were virtually unaffected when heat resistance was determined in broth, water, or water which contained particulates. The D60°C values for these organisms in broth, tap water, and tap water plus sediment were 3.2 and 2.6, 3.1 and 3.4, and 4.0 and 3.1 min, respectively. The D70°C values were 1.3, 1.2, and 1.5 and 1.3 min, respectively. The D80°C values were 0.5 and 0.4, 0.4, and 0.4 min, respectively.
We found no differences for D60°C values of clinical versus environmental isolates of L. pneumophila. The ranges of D60°C values for 11 clinical and 10 environmental isolates were 2.4 to 4.8 (mean, 3.4) and 2.4 to 3.8 (mean, 3.2) min, respectively. We did find that environmental strains of T. micdadei had a significantly higher D60°C than clinical strains (P < 0.01; t test for unpaired data). The ranges of D60°C values for 12 clinical and 12 environmental isolates were 3.4 to 6.4 (mean, 5.1) and 4.5 to 10.6 (mean, 7.1) min, respectively. Also, the D60°C values for all isolates of T. micdadei were significantly higher than those of clinical or environmental isolates of L. pneumophila isolates (P < 0.01; APPL. ENVIRON. MICROBIOL. 1984 ). This system heats the incoming cold water to 90 to 100°C using steam and high pressure. Heated water is subsequently blended with cold water to achieve the desired temperature.
In conclusion, the results of this study provide a scientific basis for the use of the heat eradication method. We project
